Objective Justicia pectoralis is a plant useful for the treatment of respiratory diseases. Here, we studied the antiasthmatic properties of a standardized extract of J. pectoralis (Jp). Methods Ovalbumin (OVA)-sensitized rats were actively challenged with saline or OVA to study airway hyper-responsiveness after oral treatment with saline or Jp. The ability of Jp to inhibit hyper-reactivity was evaluated in isolated trachea mounted in isolated organ bath chamber. Key findings Using KCl or carbachol as contractile agents, tracheal rings of OVA-challenged rats contracted with higher magnitude than trachea of rats challenged with saline. Such hyper-responsive phenotype of OVA-challenged tissues decreased with Jp administration. In Ca + -free medium, Jp or its major constituent coumarin inhibited preferentially the contractions induced by Ca 2+ addition in tissues of OVA-challenged rats stimulated with KCl or acetylcholine. In tissues depleted of their internal Ca + stores in the presence of thapsigargin, Jp inhibited the contraction induced by capacitative Ca 2+ entry. By gavage, Jp abolished the increase caused by challenge with OVA on the levels of IL-1b and TNFa in the bronchoalveolar fluid and also impaired the changes in gene expression of canonical transient receptor proteins. Conclusions Jp has antiasthmatic properties in an experimental model that reproduces tracheal hyper-reactivity.
Introduction
Justicia pectoralis Jacq. var. stenophylla Leonard (Acanthaceae) is a herb largely used in folk medicine of South and Central America to treat respiratory complaints. [1] Named popularly as 'chamb a' in the Brazilian north-east, this species is useful as expectorant and is in the list of plants potentially useful for phytotherapy purposes according to the Brazilian Health Surveillance Agency (Anvisa). [2] A few studies reinforce the notion that J. pectoralis can be effective in the respiratory system, [1, 3] and a recent preliminary study revealed potential antiasthmatic properties of an aqueous extract obtained from J. pectoralis by its ability to inhibit histamine-induced contraction on guinea-pig trachea. [4] In the city of Fortaleza, Brazil, pharmacists involved with a project named Farm acias Vivas (Living Pharmacies) maintain species of J. pectoralis in cultivated gardens under low-light conditions, to produce traditional remedies for respiratory diseases. [5] De Vries et al. [6] firstly revealed that extracts of J. pectoralis yielded after purification several coumarin compounds. From the local species of J. pectoralis cultivated in Fortaleza, Lino et al. [7] reported the occurrence of coumarin and 7-hydroxycoumarin (umbelliferone) as major constituents, besides small amounts of acetylated coumaric acid, acetylated melilotic acid and b-sitosterol. Coumarin and umbelliferone are candidate compounds to be involved in the principle active of the beneficial effects of this plant in folk medicine.
Plants possessing coumarin as a major constituent share antinociceptive, anti-inflammatory and bronchodilator properties. [1, 8, 9] Regarding pharmacological actions on the respiratory system, Lim et al. [10] reported that the extract from roots of Angelica decursiva and its coumarin constituents possess inhibitory actions against airway inflammation. In ovalbumin (OVA)-sensitized asthmatic mice treated with umbelliferone extracted from the aerial parts of Typha domingensis Pers., Vasconcelos et al. [11] found reduced number of eosinophils in bronchoalveolar lavage fluids and decreased mucus production and lung inflammation. Amburana cearensis (Allemão) A.C. Smith, a tree native from the Brazilian north-east rich in coumarin and amburoside A, has bronchodilator properties on airways. [12] Bronchodilator activity was also demonstrated to hydroalcoholic extract of J. pectoralis. [1] A variety of studies demonstrated potential efficacy of J. pectoralis on respiratory system, and to the best of our knowledge, this is the first pharmacological evidence of its effects using an experimental model of asthma. Thus, the present approach evaluated whether a standardized extract of this plant for coumarin and umbelliferone can prevent the hyper-responsive phenotype caused by the antigen challenge on sensitized animals. For this purpose, OVA-sensitized rats developed airway hyper-responsiveness induced by challenge with OVA to evaluate the efficacy of the acute treatment with the standardized extract of J. pectoralis. Additionally, the direct effects of the standardized extract of J. pectoralis and coumarin were tested on rat tracheal rings, and changes in gene expression of canonical transient receptor proteins (TRPC) were analysed in animals gavaged with saline or with the extract of J. pectoralis.
Materials and Methods

Botanical material
Aerial parts of J. pectoralis were collected from cultivated specimens grown at the Phytotherapy Core (NUFITO) of the Pharmaceutical Care Center (NUASF), Fortaleza, Brazil. Dr Edson P. Nunes, Department of Biology, confirmed the plant's identity by means of a voucher specimen (number #16.079) deposited in the Herbarium Prisco Bezerra, Federal University of Cear a. The raw material was washed and dried in an air-forced oven (35°C, 24 h); afterwards, the plant drug was ground and sieved and the moderately coarse fraction was collected for the extraction.
Preparation of the extract of J. pectoralis
Extract was prepared by maceration followed by percolation. The plant drug was macerated in 20% ethanol during 24 h. The extract was filtered and maintained in air-forced oven at 35°C to remove ethanol and concentrate the product (final ratio drug : extract 1 : 7.5, w/v). Solid residues corresponded to 3.8% (w : v), and the extract was maintained under refrigeration at 4°C until the day of experiment.
Standardized extract
The concentration of coumarin and umbelliferone in the hydroalcoholic extract of J. pectoralis was determined in triplicate by high-performance liquid chromatographyphotodiode array (HPLC-PDA, chromatographic system Alliance; Waters, Milford, MA, USA). Chromatographic conditions for HPLC were as follows: C18 column (250 9 4.6 mm, 5 lm, CX-terra; Waters), gradient elution (organic phase: ACN : MeOH : THF 5.8 : 2.2 : 2.0, v/v/v; buffer phase: phosphoric acid 0.45% and triethylamine 0.24% in ultrapure water), flow 1.8 ml/min and detection at 323 nm. The extract was diluted 1 : 5 (v/v) in the organic phase, filtered (0.22-lm membrane) and analysed. The presence of coumarin and umbelliferone in the extract of J. pectoralis was confirmed according to Venâncio et al. [13] by comparing the retention time (Rt) of external standards (Rt umbelliferone = 4.8 min; Rt coumarin = 5.9 min; HPLC chromatograms are shown in Figure 1 ). Content of the two markers was estimated through calibration curves ranging from 21.0 to 359.4 lg/ml for coumarin and 2.7 to 36.8 lg/ml for umbelliferone. Finally, the content of coumarin and umbelliferone in the extract corresponded to 1.49 and 0.17 mg/ml, respectively.
Animals
Male Wistar rats (250-350 g) were obtained from the vivarium of the Department of Physiology and Pharmacology, School of Medicine, Federal University of Cear a. The rats were housed under standard conditions in 12-h light/ 12-h dark cycles with free access to food and water. All animals were handled in accordance with the ethical principles of the Guide for the Care and Use of Laboratory Animals (National Academies Press, Washington D.C., USA; 2011). Our institutional ethics committee approved the study as submitted by Dr L.K. Leal (#068/07).
Antigen sensitization
Rats were actively sensitized to antigen (OVA; chicken egg albumin, grade II -Sigma, St. Louis, USA -diluted in 0.9% NaCl) by means of three intraperitoneal injections applied every other day. Each OVA injection corresponded to 10 mg/kg.
Administration of the standardized extract and antigen challenge
Antigen challenge was performed 14 days after antigen sensitization. Rats were challenged with the sensitizing antigen (OVA) in the course of two subsequent periods of 15 min. In brief, rats were transferred to acrylic cages (20 9 30 9 21 cm) and OVA was nebulized in solutions of 1 mg/ml in the first 15-min period, followed by 5 mg/ml in the second period using an ultrasonic nebulizer (RespiraMax; NS Ind ustria de Aparelhos M edicos, São Paulo, Brazil). In a separate group, following the gavage with the standardized extract or with saline as appropriate, sensitized animals inhaled 0.9% NaCl in a single session of 30 min to simulate antigen challenge. Rats were euthanized 12 h later the antigen challenge with an intraperitoneal injection of sodium pentobarbital (50 mg/kg, i.p.). Forty minutes before euthanasia, rats received by gavage a single dose of the standardized extract (380 mg/kg) or saline (1 ml/100 g body weight). After euthanasia, the trachea was immediately excised to evaluate smooth muscle contractility. After tracheal tissue removal, bronchoalveolar fluid was collected to cytokine-level analysis. Fluid collection was performed by two subsequent flushes with 5 ml of warmed (37°C) saline introduced by means of a cannula into the remaining portion of trachea just above its bifurcation. Analyses on samples of lung parenchyma evaluated gene expression of transient receptor potential cation channels, subfamily C (TRPC).
Experiments with isolated trachea
After surgical excision, the trachea was carefully cut into 3-4 rings that were individually transferred to organ bath containing 5 ml Krebs-Henseleit solution maintained at 36.5°C under pH 7.4 and bubbling with 5% CO 2 in O 2 .
The initial tension applied to the trachea was 1 g, which was adjusted every 15 min following a change of the Krebs-Henseleit solution. Krebs-Henseleit solution was prepared with distilled water and had the following composition (in mM): NaCl 118.0, KCl 4.7, CaCl 2 2.5, MgSO 4 (MLT0201/RAD; AD Instruments, Dunedin, New Zealand), and changes in tension were recorded on a data acquisition system (Power Lab 8/30, ML870B60/C-V; AD Instruments). Tissue viability was tested by adding 60 mM K + , while tracheal response was recorded. When two successive contractions of similar magnitude were observed, tracheal rings were stimulated with increasing concentrations of KCl (10-120 mM) or carbachol (CCh; 0.01-100 lM) to obtain concentration-effect relationships.
To evaluate the direct effects of the standardized extract of J. pectoralis on contractility, tracheal rings of sensitized rats challenged with either saline or OVA were stimulated under Ca 2+ -free conditions with 60 mM KCl or acetylcholine (ACh; 100 lM). The stimulus was applied in the absence or in the presence of a single concentration of the standardized extract of J. pectoralis (1 mg/ml) or its main constituent coumarin (300 lM) and CaCl 2 (0.01-10 mM) was then added to the perfusion medium, and the resulting concentration-effect curve was recorded. Such protocol was conducted to evaluate the inhibitory effects of the standardized extract of J. pectoralis or coumarin on contractions putatively induced by transmembrane Ca 2+ influx.
Analysis of TNF-a and IL-1b levels in bronchoalveolar lavage fluid
Cytokine levels were determined in bronchoalveolar lavage fluid collected after rat euthanasia 12 h after challenge with antigen or saline. Bronchoalveolar lavage fluid was centrifuged at 400g (10 min) and supernatant stored at À70°C until the moment of assay. The measurement of TNF-a and IL-1b concentrations in the bronchoalveolar lavage fluid followed enzyme-linked immunosorbent assays (ELISAs) according to the instruction found in the kits (R&D Systems Inc., Minneapolis, MN, USA).
Reverse transcriptase reaction
Following lung dissection, slices from the right lung were snap-frozen in liquid nitrogen and stored at À80°C for molecular studies. To evaluate the gene expression of members of TRPC subfamily, RNA samples (1 lg) were incubated with 1 ll oligo(dT)20 primer (50 lM) and 1 ll of a mixture of nucleotides (dNTP mix, 10 mM). This reaction was warmed to 65°C for 5 min to denature the RNA and to anneal the oligo(dT) 20 primer at the end of the poly(A) mRNA tail. After cooling the reaction on ice for at least 1 min, the solution was supplemented with 2 ll cDNA synthesis buffer (109 (200 U/ml). The tube was transferred to a thermal cycler initially for 50 min at 50°C, procedure followed by a 5-min period of warming to 85°C and immediate cooling to 4°C. Finally, 1 ll RNase H was added to the synthesized cDNA and the preparation was incubated for 20 min at 37°C. The synthesized cDNA was kept in a freezer at À20°C until its amplification by real-time polymerase chain reaction (PCR).
Real-time PCR (qPCR)
This study evaluated gene expression of TRPC1, TRPC4, TRPC5 and TRPC6 using an iQ5 Real-Time PCR Detection System (Bio-Rad, Hercules, CA, USA). Phospholipase A 2 (tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein zeta polypeptide) was used as the reference gene (YHWAZ). DNA primers were based on mRNA sequences available in the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov).
Real-time PCR assays were performed at recommended optimal concentrations of reagents for such kind of assay. The PCR conditions followed an initial denaturation period of 3 min at 95°C and 40 cycles for gene amplification. Each cycle consisted of an initial denaturation phase of 30 s at 95°C, followed by an annealing phase of 30 s at 60°C and an extension phase of 45 s at 72°C. The samples were then subjected to an extension step of 3 min at 72°C. To test the specificity of the amplifications, a melting curve after each reaction was constructed, in which the reaction temperature was subsequently increased by 1°C every 20 s, beginning at the annealing temperature of a given primer and ending at 95°C. Throughout the curve construction process, the changes in fluorescence were measured, and the data obtained with the iQ5 Optical System software (version 2.0; Bio-Rad) were based on the values of the threshold cycle, in which the observed fluorescence is 10-fold higher than the basal fluorescence for each PCR assay. Gene expression was obtained by applying the mathematical method of Pfaffl. [14] Statistical analysis Data are mean AE standard error of the mean (number of experiments). Values of EC50, that is the estimated concentration that causes a contractile effect on 50%, were shown as geometric mean (95% confidence interval). Significance of the results was determined using unpaired Student's ttest or one-or two-way analysis of variance (ANOVA). When ANOVA was significant, it was followed by the Holm-Sidak multiple comparison test. EC50 values were compared by Mann-Whitney test. Statistical significance was accepted when P < 0.05.
Results
The standardized extract of J. pectoralis decreased tracheal hyper-responsiveness caused by antigen challenge with ovalbumin Figure 2 shows concentration-response curves for KCl (10-120 mM) or CCh (0.01-100 lM) in rat tracheal rings. All tissues contracted in a concentration-dependent manner (P < 0.001, ANOVA), but those obtained from animals previously challenged with OVA revealed increased responsiveness for either KCl (panel a) or CCh (panel d) in comparison with saline-challenged tissues. In fact, the highest magnitude of contraction (E max ) in OVA-challenged preparations was 1.62 AE 0.08 g when the contractile stimulus was 120 mM KCl (n = 6; b) and 2.50 AE 0.18 g (n = 8; d) in response to 100 lM CCh (Table 1) . Such values were significantly higher (P < 0.05, two-way ANOVA and HolmSidak) than those recorded in tissues of saline-challenged animals (1.00 AE 0.09 g for KCl; n = 14; panel a; 1.32 AE 0.15 g for CCh; n = 11; panel d). Table 1 shows that EC50 value for KCl was significantly smaller after antigen challenge with OVA (P < 0.05, Mann-Whitney).
Tracheal preparations of rats challenged with saline ( Figure 2 , panels b and e) that were gavaged with the standardized extract of J. pectoralis (Jp) produced concentration-effect curves with magnitude similar (for KCl, n = 8, panel b) or smaller (for CCh, n = 8, panel e; P < 0.05, twoway ANOVA and Holm-Sidak test) than tracheal rings of rats gavaged with saline. Tracheal rings of animals treated with the extract of J. pectoralis and subjected to OVA revealed decreased magnitude of the concentration-effect curve for KCl (n = 4, panel c) and CCh (n = 4, panel f). Treatment with the extract of J. pectoralis significantly increased the EC50 for KCl, but not for CCh, in OVA-challenged tissues (Table 1) .
In-vitro effects of the standardized extract of J. pectoralis and its major constituent coumarin on contractions caused by Ca
2+ influx induced by KCl or ACh
To evaluate the direct effects of the standardized extract of J. pectoralis and its major constituent coumarin on the contractility of rat trachea, a series of experiments was conducted with tracheal rings of animals previously subjected to challenge with OVA or saline. Under Ca
2+
-free conditions, tracheal rings were stimulated with either KCl (60 mM) or ACh (100 lM) in the absence (n = 14 for KCl in a; n = 12 for ACh in d) or in the presence of the extract of J. pectoralis (1.1 mg/ml) or coumarin (300 lM). Afterwards, the addition of increasing concentrations of CaCl 2 produced the concentration-effect curves shown in Figure 3 . Maximal effect induced by Ca 2+ addition in preparations stimulated with KCl (panels a-c) or ACh (panels d-f) was significantly higher (P < 0.05, two-way ANOVA and Holm-Sidak test) in Figure 2 Effects of the standardized extract of Justicia pectoralis on the concentration-effect curve of KCl or carbachol in tracheal rings from saline-or ovalbumin-challenged rats. Contractile responsiveness of rat trachea in response to cumulative addition of KCl (10-120 mM; panels a-c) or carbachol (0.01-100 lM; panels d-f) was determined in preparations obtained from ovalbumin-sensitized rats challenged with saline (n = 14 in a; n = 11 in d) or ovalbumin (OVA; n = 6 in a; n = 8 in d). The concentration-effect curves were generated in tissues of animals gavaged with saline or with the standardized extract of J. pectoralis (Jp; 380 mg/kg). Data are mean AE SEM. *P < 0.05 compared to the same concentration in the control curve (two-way ANOVA followed by Holm-Sidak).
tracheal rings of OVA-than in saline-challenged rats. Such hyper-responsiveness was observed even in those preparations maintained in the presence of the extract of J. pectoralis (panels b and e, respectively) or coumarin (panels c and f, respectively). While the contractions in OVA-challenged tissues were significantly smaller (P < 0.05, Holm-Sidak test) in the presence of J. pectoralis (b) or coumarin (c) under KCl stimulus in comparison with untreated tissues (a), maximal contractions under stimulation with ACh was achieved even in the presence of J. pectoralis or coumarin, but just at higher Ca 2+ concentrations (3 and 10 mM).
In-vitro effects of the standardized extract of J. pectoralis on contractions induced by Ca 2+ influx after Ca 2+ store depletion with CCh and thapsigargin
To evaluate the effects of the standardized extract of J. pectoralis on contractions induced by Ca 2+ influx after Ca 2+ store depletion, tracheal rings of sensitized rats subjected to challenge with OVA or saline were repeatedly stimulated to contract with 1 lM CCh. Such contractions were stimulated for at least three subsequent times with tracheal rings maintained in Ca2 + -free solution (in the presence of 1 lM Figure 2 . The experiments were conducted in isolated preparations of rat trachea obtained from rats challenged with saline or OVA that were treated by gavage with saline or with the standardized extract of Justicia pectoralis (Jp; 380 mg/kg). Values of E max are mean AE SEM, whereas EC50 values are geometric mean and 95% confidence interval. thapsigargin), which resulted in disappearance of the CChinduced contractions. On removal of CCh from the extracellular medium and readmission of normal Ca 2+ (2.5 mM) in the physiological solution, a contraction was observed and such phenomenon was conducted in preparations maintained in the absence or in the presence of the extract of J. pectoralis (1.1 mg/ml). Figure 4 shows that contractions induced by Ca 2+ readmission were significantly higher (P < 0.05, Holm-Sidak test) in tracheal rings of OVA-challenged (0.72 AE 0.06 g; n = 8) than in saline-challenged tissues (0.43 AE 0.07 g; n = 8). The presence of the extract of J. pectoralis in the perfusion medium significantly reduced (P < 0.05, Holm-Sidak test) the contraction to 0.42 AE 0.07 g (n = 8) in OVA-challenged tracheal rings and to 0.22 AE 0.03 g (n = 8) in tissues of animals challenged with saline.
Pretreatment of sensitized rats with the extract of J. pectoralis reduced IL-1b and TNF-a in the broncoalveolar fluid after challenge with OVA [n = 10] and 166.6 AE 22.7 [n = 14] pg/ml, respectively; P < 0.05, Holm-Sidak). In rats gavaged with the extract of J. pectoralis (380 mg/kg), the levels of IL-1b and TNFa in the bronchoalveolar fluid of OVA-challenged rats (n = 10 and n = 9, respectively) did not differ significantly in comparison with the respective values acquired after challenge with saline (n = 10 and n = 14, respectively, P > 0.05).
RT-PCR analysis of the TRPC gene expression in rat lung tissue
The expression of genes related to the TRPC subfamily was investigated in tissue samples obtained from rat lung parenchyma. Figure 6 reveals that all genes evaluated (TRPC1, TRPC4, TRPC5 and TRPC6) were expressed in lung tissues. The expression of a given gene changed according to the challenge with the sensitizing antigen. While TRPC1 and TRPC6 showed a significantly reduced expression after OVA challenge, TRPC5 significantly increased its mRNA levels (P < 0.05). TRPC4 remained at values not significantly different from the values of saline-challenged animals. Treatment of animals by gavage with the extract of J. pectoralis (380 mg/kg) abolished all changes caused by OVA challenge.
Discussion
The present study shows that a standardized extract of J. pectoralis has inhibitory effects on tracheal smooth muscle of rats subjected to challenge with OVA in an allergen model that reproduces many features of clinical asthma such as bronchial hyper-reactivity. [15] Administered by gavage to sensitized rats after challenge with saline or OVA, the extract of J. pectoralis decreased the exacerbated responsiveness of rat trachea caused by the challenge with the sensitizing antigen. The present findings reinforce the notion that the extract of J. pectoralis possesses potential antiasthmatic properties.
Although the time of administration can be considered short, a few authors evaluated the pharmacological effects of the extract of J. pectoralis in other experimental models using 60 min as time of administration with positive results. [7, 12, 13] Importantly, clinically relevant information is available indicating that compounds administered orally in the therapy of asthma can be effective with a short onset of action (<30 min) in patients possessing moderate or severe asthma. [16, 17] Thus, this study simulated experimentally a condition clinically relevant in terms of acute treatment of bronchospasm and reinforces that the active principle of J. pectoralis has properties of potential interest to pharmacological approaches on the respiratory system. Administered orally, the inhibitory effects of the extract of J. pectoralis on rat airways are likely due to its anti-inflammatory actions and the maintenance of the levels of pro-inflammatory cytokines in bronchoalveolar fluid of OVA-challenged rats at values that did not differ from those obtained with saline-challenged animals supports such hypothesis. Increased amounts of IL-1b and TNF-a in bronchoalveolar lavage fluid are involved in the development of airway hyper-reactivity by affecting the contractile response of airway smooth muscle cells to a variety of stimuli like ACh or KCl. [18] [19] [20] The present approach confirmed that the animals subjected to challenge with OVA had higher levels of IL-1b and TNF-a in bronchoalveolar fluid and revealed tracheal hyperresponsiveness under ACh, CCh or KCl stimuli. Leal et al. [1] reported anti-inflammatory actions for the extract of J. pectoralis against carrageenan-induced paw oedema, but to our knowledge, there is hitherto no study testing the extract of J. pectoralis on the respiratory system under inflammatory conditions.
Experiments carried out with the addition of the extract to the bath reveal that J. pectoralis can also exert direct effects on tracheal rings. Although the hyper-responsive phenotype remained observable in OVA-challenged tracheal tissues maintained in the continuous presence of the extract of J. pectoralis, hyper-responsiveness was evident only at higher Ca 2+ concentrations in preparations stimulated with ACh or KCl, findings that indicate antispasmodic actions for the extract. Cameron et al. [4] recently reported inhibitory properties of a crude extract of J. pectoralis on guinea-pig tracheal contractility. In isolated tissues, the extract of J. pectoralis reduced the magnitude of histamineinduced contractions. Part of these antispasmodic actions may be attributable to coumarin, the major constituent of the extract of J. pectoralis. Myorelaxant and antispasmodic effects of coumarin and related compounds on rat airway smooth muscle contracted with cholinergic agonists or KCl were already reported. [1, 21, 22] Recruitment of inflammatory cytokines like IL-1b and TNF-a further enhances contraction in airway smooth muscle cells by facilitate multiple Ca 2+ signalling pathways, which may be mediated by muscarinic G-proteincoupled receptors or by a non-receptor-dependent stimulus such as KCl. [19, 23] The experiments in Ca 2+ -free medium ( Figure 3 ) aimed to evaluate the contractile profile of tracheal preparations stimulated to induce Ca 2+ influx by receptor-operated or voltage-operated Ca 2+ channels. Activated by ACh, muscarinic receptors induce influx of extracellular Ca 2+ across the cell plasma membrane majorly by receptor-operated pathways. [24] In contrast, the best-documented KCl-elicited route of Ca 2+ entry into airway smooth muscle cells is via dihydropyridinesensitive voltage-operated Ca 2+ channels. [25] We have already showed that antigen challenge with OVA increases contractile response in isolated trachea of allergic rats by a supposedly greater ionic Ca 2+ channel involvement. [26] In the present study, the hyper-responsive behaviour of OVA-challenged tracheal rings is compatible with an increased influx of receptor-or voltage-operated pathways, both putatively inhibited by the extract of J. pectoralis and coumarin, which clearly shifted to the right the Ca 2+ -induced concentration-effect curve in OVAchallenged preparations maintained in the presence of either ACh or KCl, respectively.
In this study, contractions induced by Ca 2+ influx across plasma membrane mediated by store-operated Ca 2+ channels were evaluated in preparations treated with Figure 5 Effects of the standardized extract of Justicia pectoralis on levels of inflammatory cytokines in bronchoalveolar fluid of rats challenged with saline or ovalbumin. Rats were challenged with inhalation of saline (in a: n = 10, in b: n = 14) or ovalbumin (in a: n =6; in b: n = 10). Levels of IL-1b (a) or TNF-a (b) were monitored in bronchoalveolar fluid of rats subjected to treatment by gavage with saline or with the extract of J. pectoralis (Jp; 380 mg/kg; Saline + Jp: n = 10 in a and n = 14 in b; OVA + Jp: n = 10 in a and n = 9 in b). Data are mean AE SEM. *P < 0.05 vs saline group, Holm-Sidak.
thapsigargin, a sarco/endoplasmic reticulum Ca 2+ -ATPase inhibitor. [27] In tracheal rings maintained in extracellular medium without Ca 2+ , repeated cholinergic stimulations depleted internal Ca 2+ stores, a phenomenon confirmed by a gradual decline in the magnitude of tracheal contractions. After removal of the cholinergic stimulus from the extracellular medium, the addition of Ca 2+ to the physiological solution caused a contraction compatible with an expected augment in cytosolic Ca 2+ by store-operated pathways. [28] Higher contractions in response to extracellular Ca 2+ restoration in OVA-challenged tissues suggest a role for the capacitative Ca 2+ entry in the development of the hyper-reactive phenotype of airways. [29] Of note was the inhibitory effect induced by the extract of J. pectoralis, which significantly decreased the contraction induced by Ca 2+ in saline-or OVA-challenged tracheal rings in comparison with their respective controls.
Gene expression of proteins belonging to the canonical transient receptor potential (TRPC) family were susceptible to antigen challenge in lung tissues. While gene expression of TRPC1 and TRPC6 decreased, TRPC5 increased and TRPC4 was refractory to the antigen challenge. Upregulation of TRPC1 expression was reported in rat trachea and proliferating airway smooth muscle cells, while TRPC1 downregulation diminished store-depletion-induced Ca 2+ influx and airway hyper-responsiveness in the presence of inflammatory mediators. [28, 30] In mice challenged with OVA, downregulation of TRPC6 resulted in increased agonist-induced contractility of tracheal rings, [31] findings in line with the present results obtained with rat airways. The expression of TRPC4 was unchanged by the antigen challenge, which argues against the involvement of this protein on the hyper-responsive phenotype on lung tissues. In contrast, the increase in gene expression of TRPC5 was noticeable after the antigen challenge, findings that confer to this protein a potential role in the hyper-responsiveness caused by the present experimental model of asthma.
It is noteworthy that the treatment of saline-challenged animals with the extract of J. pectoralis did not change the gene expression of all TRPC proteins evaluated in this study. However, lung tissues of OVA-challenged animals treated with the extract of J. pectoralis revealed gene expression without significant differences in comparison with saline-treated tissues, suggesting that regulation of TRPC protein expression can be a target of the antiasthmatic properties of the extract of J. pectoralis. We hypothesize that such actions could be derived from its abilities in blunting the increased levels of inflammatory cytokines in airways.
Conclusion
The present study demonstrated that the extract of J. pectoralis possesses potential pharmacological properties to be useful in pathophysiological conditions involved with the development of the hyper-reactive phenotype of asthma. It Figure 6 Effects of the extract of Justicia pectoralis on the relative expression of TRPC genes. The expression of the TRPC1 (a), TRPC4 (b), TRPC5 (c) and TRPC6 (d) genes was evaluated in samples of lung tissues obtained from saline-or ovalbumin-challenged rats that were treated or not with the standardized extract of J. pectoralis (380 mg/kg). Graphs are box plots with the median line. Number of experiments in all panels: saline, n = 6; saline + Jp, OVA and OVA + Jp, n = 5. Data are mean AE SEM. *P < 0.05 compared to saline group (Holm-Sidak test).
is probable that its beneficial effects are due to its antiinflammatory effects.
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